performance might have arisen from the disruption of the nuclear DNA / mtDNA interactions that 43 have co-evolved during the radiation of Mus musculus subspecies. The mammalian mitochondrial genome (mtDNA) is a closed circular double-stranded DNA 53 molecule that encodes several crucial components of the mitochondrial oxidative phosphorylation 54 (OXPHOS) pathway (Anderson et al. 1981). It is now widely established that mutations in the 55 mtDNA sequence, whether via base substitutions, deletions, or insertions, can result in a variety of 56 deleterious effects ranging from discrete disorders through to predispositions to polygenic diseases 57 (Taylor & Turnbull 2005). However, while the broad link between mtDNA variation and pathology 58 is established, there is still a great deal of work required to more precisely map the link between 59 specific mtDNA genotypes and the organismal phenotype. In particular, the on-going exploration of 60 mtDNA variability, and its effects upon cell physiology, is of significance to a variety of biomedical 61 fields, including studies of metabolic disease, cancer, neurobiology and fertility.
reproductive traits because they are expected to have profound effects on male-specific processes as 30 a result of the strict maternal inheritance of mtDNA. Sperm motility is crucially dependent on ATP 31 in most systems studied. However, the importance of mitochondrial function in the production of 32 the ATP necessary for sperm function remains uncertain. In this study, we test the effect of mtDNA 33 polymorphisms upon mouse sperm performance and bioenergetics by using five conplastic inbred 34 strains that share the same nuclear background while differing in their mitochondrial genomes. We 35 found that, while genetic polymorphisms across distinct mtDNA haplotypes are associated with a 36 modification in sperm performance, this effect is not related to ATP production. Furthermore, there 37 is no association between the number of mtDNA polymorphisms and either (a) the magnitude of (Yu et al. 2009b) , and increases in the rate of incidence of 78 autoimmune diseases (Yu et al. 2009b) , non-alcoholic steatohepatitis (Schroder et al. 2016) , 79 Alzheimer's and Parkinson's diseases (Shoffner et al. 1993 , van der Walt et al. 2003 , multiple 80 sclerosis (Kalman & Alden 1998) , and bipolar disorders (Kato et al. 2001) . However, while mtDNA 81 polymorphisms tend to produce phenotypes regarded as deleterious for the organism (see examples 82 above), they may also result in unexpected benefits. For example, nucleotide substitutions in genes 83 coding for respiratory complexes I and IV have been associated with less severe autoimmune 84 encephalomyelitis (Yu et al. 2009a) , lower cerebral Aβ amyloid load (Scheffler et al. 2012), 85 resistance to type I diabetes (Mathews et al. 2005) , protection against induced colitis (Bar et al. 86 2013), and reduced tissular senescence (Schauer et al. 2015) .
87
Although the majority of studies linking mtDNA variations to phenotype have been 88 performed in mice (Yu et al. 2009a) , there is little work examining their impact on fertility. This is 89 an important area of study because the asymmetry in fitness that arises between males and females 90 as a result of the maternal inheritance of mtDNA (Gemmell et al. 2004 ) is expected to have 91 profound effects on male specific processes, such as sperm development and function (Gemmell et 92 al. 2004) . Recent work in the fruit fly (Drosophila melanogaster) provides empirical support for 93 this asymmetry (Innocenti et al. 2011 , Yee et al. 2013 , Dowling et al. 2015 , Wolff et al. 2016 there is similar support in mice (Nakada et al. 2006) although this is based on a single 95 mitochondrial mutant line and further work is needed to test the generality of findings. mtDNA polymorphisms between common inbred mouse strains (Yu et al. 2009a , Scheffler et al. 130 2012 , Weiss et al. 2012 and closely related mouse subspecies (Yu et al. 2009a ) may be used to 131 generate conplastic mouse strains by means of directed backcrossing. These strains carry a common 132 nuclear background and a diversity of mitochondrial genomes, which are useful for the assessment 133 of the effects of polymorphic mtDNA (Yu et al. 2009a , Yu et al. 2009b , Scheffler et al. 2012 Weiss et al. 2012), mitochondrial plasticity (Weiss et al. 2012) , and the interactions between In the present study, we compared for the first time the sperm phenotype (numbers, 138 performance, and ATP production) across five conplastic inbred mouse strains that share the same 139 nuclear background, but whose mitochondrial genomes belong to (a) the same strain providing the 
MATERIALS AND METHODS

147
Chemicals
148
The base medium used for all experiments was a modified Tyrode's medium (mT-H) (pH = 7. proportion with the amount of lateral displacement on a given sperm trajectory, we termed PC2
268
"lateral velocity".
269
Statistical analyses. Body mass (g), body length (mm), combined testes mass (g), RTS, and
270
BC were compared between strains by means of ANOVA with strain as factor, and a post-hoc test transformed. Differences between strains and treatments were compared using Di Rienzo -Guzmán
280
-Casanoves (DGC) tests (Di Rienzo et al. 2002) . Analyses were performed using InfoStat v.2015p
281
(Grupo Infostat, Universidad Nacional de Córdoba, Córdoba, Argentina) with α = 0.05. The inhibition of OXPHOS, by either the oligomycin or antimycin + rotenone treatment, showed no 304 significant effect on the sperm motility index for all strains with the exception of CAST, for which 305 antimycin + rotenone elicited a significant decrease (Table 4 , Fig. 2a ). ATP levels significantly 306 decreased in response to OXPHOS inhibition in the five strains (Table 4 , Fig. 2b ).
307
The effect of OXPHOS inhibition on sperm velocity principal components varied depending 308 on the step of the process that was inhibited. The values of the sperm velocity variables obtained for 309 each strain upon metabolic inhibition are summarized in Fig. 3b ).
314
The inhibition of the mitochondrial respiratory chain, by the addition of antimycin (inhibitor 315 of complex III) and rotenone (inhibitor of complex I), significantly decreased sperm progressive 316 velocity in all strains apart from CAST in which this trend was non-significant (Table 4 , Fig. 3a) .
317
The addition of these inhibitors again also had a significant effect on sperm lateral velocity in the 318 MA/MY strain (Table 4 , Fig. 3b ).
319
Oxamate treatment, inhibiting the key glycolytic enzyme LDH4, had a more severe effect on 320 sperm performance measures than OXPHOS inhibition, significantly reducing sperm motility index 321 in the five strains (Table 4 , Fig. 2a ). Sperm progressive velocity also decreased significantly in all 322 strains apart from CAST for which the trend was marginally significant (marginally significant) 323 (Table 4 , Fig. 3a) . Moreover, the decline in progressive velocity promoted by oxamate was higher As a further step to elucidate the impact of mtDNA polymorphisms in mouse sperm 403 performance, we tested the effect of metabolic inhibition in sperm motility, swimming velocity, and
404
ATP content. The pattern of response of these sperm traits to metabolic inhibition was remarkably 405 similar between strains, showing only a few strain-specific variations in intensity and significance.
406
The intensity of the effect of OXPHOS inhibition on sperm performance was dependent on which 
